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(54) Exterior rearview mirror with built-in camera 

(57) A camera built-in exterior rearview mirror (1 ) is 
presented, which has a mirror housing (2) mounted on 
a vehicle through a mirror base (6) forf ree pivotal move- 
ment from a neutral position to a rear stored position 
and a front position, a camera module (1 0) disposed in 
the mirror housing (2), a camera (12) installed in the 
camera module (10) and a camera angle adjusting 
mechanism (20) for adjusting an angle of the camera 
(12), the camera (12) being controlled for restraining 
shifting of an image acquisition area so that it can be an 
approximately fixed area while the mirror housing (2) 
makes a pivotal movement. 
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Description 

[0001] The present invention relates to a camera built- 
in exterior rearview mirror used for a side or door mirror 
of a vehicle, in which its mirror housing is pivotally driven 
for a position adjustment. 

[0002] An exterior mirror mounted on the front side of 
a vehicle such as an automobile, especially the one on 
a passenger-seat side, a door mirrorfor example, is like- 
ly to have a dead angle zone in an area right under the 
door mirror to the vicinity of a front wheel, thereby caus- 
ing a poor field of view. A driver is likely to encounter an 
accident when an obstacle is caught under the wheel at 
starting of the vehicle if there exists one near the front 
wheel of passenger-seat side. 

[0003] Japan Laid-Open Patent 2000-1 61 81 (herein- 
after referred to as the prior art 1 ) discloses a door mirror 
having a small camera which is installed inside a mirror 
housing and oriented downward. Also as Japan Laid- 
Open Utility Model H03-42779 (hereinafter referred to 
as the prior art 2) discloses, an arrangement in which a 
small camera installed in a mirror housing is interlocked 
with shifting operation of a back gear has been known. 
Further, Japan Laid-Open Patent 2000-27241 8 (herein- 
after referred to as the prior art 3) discloses an arrange- 
ment in which a small camera is installed rotationally 
controllable by a driving unit situated in a housing pre- 
pared outside a mirror housing. 

[0004] The door mirrors described in the prior arts im- 
prove a field of view with a small camera by capturing 
images of the front, side and rear as well as the lower 
portion of a vehicle and for example displaying them on 
a monitor disposed on an instrument panel in a vehicle 
cabin. 

[0005] However, in the conventional camera built-in 
exterior rearview mirrors described above, one shown 
in the prior art 1 for example, the field of view especially 
with regard to the outer front alongside a vehicle can not 
be improved even if a wide angle or fish-eye lens is used 
since a lens of a small camera is oriented to the ground 
right under a mirror housing. Since the small camera is 
secured inside the mirror housing, the area of image 
captured by the camera varies inevitably when the mir- 
ror housing is retracted to a stored position on the side- 
door wall of a vehicle, pivoting in a rear direction from a 
normal use position (hereinafter referred to as neutral 
position). This means that a fixed image acquisition ar- 
ea, the same as that of the neutral position, can not be 
achieved when the mirror housing is pivoted front or rear 
of a vehicle. 

[0006] On the other hand, the camera built-in rearview 
mirrors described in the prior arts 2 and 3, in which a 
small camera capable of rotating with a rotational mech- 
anism, can allow a lens of the small camera to keep ap- 
proximately the same image acquisition area by rota- 
tionally controlling the camera while the mirror housing 
is retracted. 

[0007] However, when the camera is disposed so that 



an optical axis is oriented to a somewhat diagonal outer 
front relative to a vehicle for capturing wide images, the 
rearview mirrors shown in the prior arts 2 and 3 require 
troublesome handling associated with controlling of a 
5 movable portion for adjusting an image acquisition an- 
gle of the lens in order to keep an approximately the 
same image acquisition area, each time the mirror hous- 
ing is retracted. 

[0008] It would be desirable to be able to provide a 

10 camera built-in exterior rearview mirror, which is able to 
retain the same image acquisition area as that of a neu- 
tral position and to maintain a good field of view for the 
vicinity of a front wheel of vehicle. 
[0009] The present invention according to a first as- 

15 pect presents a camera built-in exterior rearview mirror 
having a mirror housing which is mounted on a vehicle 
through a mirror base for free pivotal movement from a 
neutral position to a rear stored position and a front po- 
sition, a camera module disposed in the mirror housing, 

20 a camera installed in the camera module and a camera 
angle adjusting means for adjusting an angle of the cam- 
era. The camera can restrain shifting of an image acqui- 
sition area so that it can be an approximately fixed area 
while the mirror housing makes a pivotal movement. 

25 [0010] The present invention based on the arrange- 
ment described above, which restrains the camera from 
shifting an image acquisition area depending on a piv- 
otal movement of the mirror housing, does not have an 
affect on the image acquisition area and can keep an 

30 approximately fixed field of view which is the same as 
that of a neutral position, namely a normal use position. 
[0011] The present invention also provides a camera 
built-in exterior rearview mirror, in which the camera an- 
gle adjusting means has a camera control means for 

35 controlling rotationally the camera that is installed rotat- 
ably in the camera module. 

[0012] Since the present invention based on the 
aforementioned arrangement can control rotationally 
the camera in parallel with retracting of the mirror hous- 

40 ing, thereby maintaining an approximately fixed image 
acquisition area so that its shifting depending on a piv- 
otal movement of the mirror housing is restrained. 
[0013] The present invention still provides a camera 
built-in exterior rearview mirror, in which a lens of the 

45 camera installed in the camera module is oriented 
downward. 

[0014] The present invention can thus capture an im- 
age of the dead angle zone of a vehicle reliably. Also it 
allows the lens to be less likely to become soiled and 

so improves an appearance of the exterior rearview mirror. 
[0015] The present invention yet provides a camera 
built-in exterior rearview mirror, in which the camera in- 
stalled in the camera module captures images through 
a transparent element covering an observation opening 

55 made on the mirror housing. 

[0016] In this way, the present invention protects se- 
curely the lens of camera against being soiled, thereby 
maintaining high performance in terms of the image ac- 
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quisition and the field of view. 
[0017] The present invention further provides a cam- 
era built-in exterior rearview mirror in which the trans- 
parent element is integrally mounted to the camera 
module. 5 
[0018] The present invention thus enables covering 
of the observation opening with a transparent element 
in parallel while the camera module is installed in the 
mirror housing. 

[0019] The present invention still further provides a 10 
camera built-in exterior rearview mirror in which a rota- 
tional axis of the camera installed rotatably in the cam- 
era module and a pivotal axis of the mirror housing are 
approximately parallel. 

[0020] The present invention based on the arrange- '5 
ment described above allows an easier adjustment of 
image acquisition area between the neutral position 
(normal use position) and the stored position. 
[0021] The present invention yet further provides a 
camera built-in exterior rearview mirror in which a rota- 
tional angle of the camera is approximately the same as 
a pivotal angle of the mirror housing. 
[0022] The present invention in this way provides not 
only a rotational axis of the camera which is parallel to 
a pivotal axis of the mirror housing but also an easier 
adjustment of image acquisition area between the neu- 
tral (normal use) and stored positions. 
[0023] As another feature, the present invention pro- 
vides a camera built-in exterior rearview mirror, in which 
a pivotal movement of the mirror housing is controlled 
by a motor and the camera is also rotated by driving 
force of the motor 

[0024] The present invention thus provides a driving 
motor, which is able not only to pivotally drive the mirror 
housing but also to serve as a rotational driving mech- 
anism for the camera, allowing a reduction in the 
number of parts and easier wiring for a power supply 
unit. 

[0025] As still another feature, the present invention 
provides a camera built-in exterior rearview mirror, in 
which the camera module is installed in the mirror hous- 
ing attachably thereto and detachably therefrom. 
[0026] The present invention thus enables easier 
mounting of the camera module into the mirror housing 
and easier wiring for the camera as well. 
[0027] The present invention according to a second 
aspect provides a camera built-in exterior rearview mir- 
ror having a mirror housing which is mounted on a ve- 
hicle through a mirror base for free pivotal movement 
from a neutral position to a rear stored position and a 
front position, a camera module disposed in the mirror 
housing, a camera installed in a camera housing of the 
camera module and a lens of the camera which is ori- 
ented downward so that the camera can be positioned 
to face somewhat diagonally outer front alongside the 
vehicle to capture a wide image. The camera is dis- 
posed rotatably about a rotational axis in the camera 
housing, which is approximately in parallel with a pivotal 
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axis of the mirror housing. The rearview mirror includes 
a driving mechanism which rotates the camera to follow 
a pivotal movement of the mirror housing. The driving 
mechanism maintains an optical axis of the camera ap- 
proximately in parallel relative to a pivotal displacement 
from a neutral position of the mirror housing so that shift- 
ing of an image acquisition area of the camera can be 
restrained. 

[0028] The present invention based on the arrange- 
ment described above allows the rotational axis of cam- 
era, which moves depending on pivotal movement of the 
mirror housing, to be in parallel with the pivotal axis 
thereof. In addition, the optical axis of camera is rota- 
tionally controlled while it keeps parallelism so that shift- 
ing of image acquisition area can be restrained. In this 
way the camera built-in exterior rearview mirror accord- 
ing to the present invention can provide the approxi- 
mately same image acquisition area as that of the neu- 
tral position even if the mirror housing makes a pivotal 
movement for retraction. 

[0029] The present invention also provides a camera 
built-in exterior rearview mirror, in which the drive mech- 
anism includes an interlocking element which interlocks 
with a pivotal displacement of the mirror housing relative 
to the mirror base and rotates the camera not only in an 
opposite direction to a pivotal direction of the mirror 
housing but also by an rotational angle which is approx- 
imately the same as a pivotal angle of the mirror hous- 
ing. 

[0030] In the mirror built-in exterior rearview mirror ac- 
cording to the present invention, the camera is rotated 
in an opposite direction of pivotal movement of the mir- 
ror housing and by the approximately same amount of 
rotational angle as that of the pivotal angle of mirror 
housing. In this way almost the same image acquisition 
area can be attained for both the neutral and stored po- 
sitions of the mirror housing. 

[0031] The present invention according to a third as- 
pect provides a camera built-in exterior rearview mirror 
having a mirror base secured to a vehicle, a support 
shaft projecting from the mirror base, a support frame 
supported rotatably on the mirror base through the sup- 
port shaft, a mirror housing which is pivotable from a 
neutral position to a front position and a rear stored po- 
sition relative to the mirror base, a camera housing in- 
stalled in the mirror housing and a camera installed in 
the camera housing, which is secured to the mirror 
housing so that a lens of the camera can be oriented 
downward to face an observation opening provided on 
a bottom surface of the mirror housing. The camera is 
supported rotatably about a rotational axis, which is ap- 
proximately in parallel with a pivotal axis, through a ro- 
tational shaft in the camera housing, and the lens is ori- 
ented so that an optical axis of the lens can be pointed 
to a somewhat diagonal outerfront alongside the vehicle 
and the camera can capture a wide image. The rearview 
mirror includes a driving mechanism which can rotate 
the camera by a rotational angle which is approximately 
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the same as a pivotal angle of the mirror housing in an 
opposite direction to a pivotal direction of the mirror 
housing. 

[0032] Though the lens of camera is arranged so that 
the optical axis is pointed to the somewhat diagonal out- 
er front alongside the vehicle to capture a wide image, 
the optical axis can be controlled to keep parallelism 
continuously while the mirror housing makes a pivotal 
movement from the neutral position since the camera is 
rotated reversely by approximately the same amount of 
rotational angle as that of the pivotal angle of mirror 
housing. The image acquisition area can be kept ap- 
proximately fixed even if the mirror housing makes a piv- 
otal movement for retraction. 

[0033] The present invention also provides a camera 
built-in exterior rearview mirror having a first connection 
provided around the support shaft of mirror base, a sec- 
ond connection provided for the rotational shaft of cam- 
era and an interlocking element having a first holding 
element and a second holding element at both ends 
thereof, each of the first and second elements being in 
contact with each of the first and second connections, 
and the interlocking element supported shiftably and 
pivotably by a support frame to which the mirror housing 
is secured. The interlocking element can make a shifting 
and pivotal movement and rotate the rotational shaft of 
the camera interlocking with a pivotal movement of the 
mirror housing about the support shaft which supports 
the support frame. 

[0034] The present invention based on the arrange- 
ment described above provides a driving mechanism 
which can rotate the camera interlocked with a pivotal 
movement of the mirror housing, thereby allowing shar- 
ing of the driving mechanism which is prepared for piv- 
otal drive control of the mirror housing and obviating an- 
other driving unit for rotational control of the camera. 
[0035] The present invention still provides a camera 
built-in exterior rearview mirror, in which at leastthefirst 
connection includes a storing rib and a returning rib hav- 
ing a gap therebetween, a rod of the first holding ele- 
ment is disposed between the ribs, when the mirror 
housing is in the neutral position, the rod is placed apart 
from the storing rib, or when the mirror housing is in the 
stored position, the rod is placed apart from the returning 
rib. 

[0036] The present invention thus provides the storing 
and returning ribs having a gap therebetween on a con- 
nection for rotating the camera. A rod of the interlocking 
element lies between these ribs. Since when the mirror 
housing is in the neutral position, the rod is placed apart 
from storing rib and when it is in the stored position, the 
rod is placed apart from the returning rib, the rod of in- 
terlocking element comes into contact with the storing 
or returning rib after a commencement of pivotal move- 
ment at the neutral or stored position, respectively. In 
this way, after the rotation of the motor prepared for ro- 
tating the mirror housing has been stabilized, a load for 
rotating the camera is imposed on the motor, thereby 
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allowing a stable pivotal movement for the mirror hous- 
ing. Especially, it remarkably benefits an electrically re- 
tractable rearview m irror which has a circuit for detecting 
an increase in the current of motor in a mechanism for 

5 terminating pivotal movement of mirror housing. 

[0037] The present invention yet provides a camera 
built-in exterior rearview mirror, in which the rod is re- 
leased from the returning rib while the mirror housing 
makes a pivotal movement from the neutral position to 

10 the forward position. 

[0038] Accordingly, the movable area of rod can be 
set to be smaller since the rod is released from the re- 
turning rib while the mirror housing is on the way making 
a pivotal movement from the neutral to front position. In 

15 this way, downsizing of the driving mechanism for cam- 
era can be achieved and an unnecessary rotational 
movement of the camera can be prevented. 
[0039] The present invention further provides a cam- 
era built-in exterior rearview mirror, in which the mirror 

20 further includes an adjusting mechanism for restricting 
a rotational area for the camera contained in the camera 
housing. The adjusting mechanism positions the cam- 
era discretely for the neutral, stored and forward posi- 
tions. 

25 [0040] The invention can thus improve the accuracy 
of positioning for the neutral, stored and front positions 
of the camera. 

[0041] By way of examples only, the aspects of the 
invention will be described in greater detail with refer- 
30 ence to the accompanying drawings of which: 

FIG.1 is a front view showing a door mirror to which 
the camera built-in exterior rearview mirror accord- 
ing to a first embodiment of the present invention is 

35 applied. 

FIG. 2 is an enlarged perspective view showing the 
internal structure of a door mirror without a mirror. 
FIG.3 is an enlarged sectional view showing mount- 
ing of a camera inside mirror housing. 

40 FIG.4 is a plan view illustrating a camera position 
and shifting of an optical axis at neutral and stored 
positions during a pivotal movement of mirror hous- 
ing. 

FIG.5 is sectional view taken along line V - V illus- 
45 trating a rotational movement of camera at a neutral 
position during a pivotal movement of mirror hous- 
ing. 

FIG. 6 is a sectional view illustrating a rotational 
movement of camera at a stored position during a 

so pivotal movement of mirror housing. 

FIG. 7 is a sectional view illustrating a rotational 
movement of camera at a forward position during a 
pivotal movement of mirror housing. 
FIG. 8 is a figure showing an image acquisition area 

55 of a camera at neutral and stored positions com- 
pared with conventional one at a stored position 
during a pivotal movement of mirror housing. 
FIGS.9A, 9B and 9C are explanatory figures illus- 
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trating images displayed on a monitor during a piv- 
otal movement of mirror housing: FIG.9A illustrates 
an image captured by a camera of the present in- 
vention displayed on a monitor for a neutral posi- 
tion, FIG.9B illustrates an image captured by a con- 
ventional camera displayed on a monitor for a 
stored position, FJG.9C illustrates an image cap- 
tured by a camera of the present invention dis- 
played on a monitor for a stored position 
FIG. 10 is a figure illustrating a driving mechanism 
of camera accord ing to a second embodiment of the 
present invention when it is used for a door mirror. 
FIGS. 11 A, 11B and 1 1 C are figures illustrating driv- 
ing mechanisms of camera according to other em- 
bodiments of the present invention when they are 
used for a door mirror: FIG. 1 1 A is for a third embod- 
iment, FIG. 11 B for a fourth embodiment and FIG. 
11 C for a fifth embodiment, respectively. 
FIG. 12 is an enlarged sectional view showing the 
major internal structure of a mirror housing which 
has an adjusting mechanism for positioning the ro- 
tation of a camera discretely. 
FIG. 13 is an exploded perspective view showing 
the structure of an adjusting mechanism. 
FIG.14 is a figure illustrating the layout of grooves 
formed on a plate clutch for neutral, stored and for- 
ward positions. 

[0042] A first embodiment of the present invention will 
now be described in detail referring to the accompany- 
ing drawings. FIG.1 is a front view showing the camera 
built-in exterior rearview mirror according to the first em- 
bodiment of the present invention, which is, for example, 
mounted to a vehicle as a door mirror and seen from the 
front of vehicle. FIG.2 is an enlarged perspective view 
showing the internal structure when a mirror is removed. 
FIG.3 is an enlarged sectional view showing the instal- 
lation of camera in a mirror housing. FIG. 4 is a plan view 
illustrating an outline of a camera position and move- 
ment of an optical axis of the mirror housing at neutral 
and stored positions in a pivotal movement of the mirror 
housing. FIG.5 is an enlarged sectional view illustrating 
an outline of a driving unit of camera at the neutral po- 
sition in a pivotal movement of the mirror housing. 
[0043] As shown in FIG.1 , a door mirror 1 of the 
present invention is mounted to a front door of passen- 
ger's seat side. This door mirror 1 is, as shown in FIG. 
2, accommodates a mirror (not shown), which is mount- 
ed in a plane of opening 2a located at the front of a mirror 
housing 2 made of synthetic resin. On the bottom sur- 
face of mirror housing 2 is made an observation opening 
as shown in FIG.3. A camera module 1 0 disposed in the 
mirror housing 2 faces this observation opening 3, which 
is covered by a transparent cover 4. 
[0044] One end of mirror housing 2 is secured to a 
support frame 5, which is supported rotatably in a hori- 
zontal direction about a support shaft 7 projecting from 
a mirror base 6 to be secured to a door of vehicle W. 



The mirror housing 2 is thus mounted pivotably on the 
mirror base 6, from a neutral position N1 to a rearward 
stored position N2 or to a forward position N3, as shown 
in FIGS. 4 - 7. The support frame 5 may be integrally 
molded with the mirror housing 2. 
[0045] Inside the mirror housing 2 is secured the cam- 
era module 1 0 as shown in FIGS. 2 and 3. The camera 
module 10 comprises a camera housing 11 and a cam- 
era 12 installed in the camera housing 11. The camera 
12 is disposed so that a lens 13 is oriented downward 
to face the observation opening 3 of mirror housing 2. 
Further, the lens 1 3 of camera 1 2 is disposed so that an 
optical axis L1 is pointed to a somewhat diagonal outer 
front alongside the vehicle W to capture wide images. 
[0046] When the camera module 10 is installed into 
the mirror housing 2, it is mounted to the support frame 
5 attachably thereto and detachably therefrom by fixing 
with screws, for example, inserted through the observa- 
tion opening 3 made on the bottom surface of mirror 
housing 2. In this connection, the camera module 1 0, to 
which the transparent cover 4 is mounted in advance, 
may be installed in the mirror housing 2 so that the ob- 
servation opening 3 can be covered by the transparent 
cover 4 simultaneously. 

[0047] The camera 12 is supported rotatably about a 
rotational axis 02 of a rotational shaft 14 in the camera 
housing 11 , which is parallel to a rotational axis 01 of 
mirror housing 2. As shown in FIG.3, an end of the ro- 
tational shaft 1 4 penetrates through a watertight seal 1 5 
to the outside of camera housing 11 . The camera 12 ro- 
tates interlocking with a pivotal movement of mirror 
housing 2 driven by a motor (not shown), in a Y direction 
shown with a solid arrow in FIG.4, for example. The as- 
sociated rotational angle of camera 12 is approximately 
the same as the pivotal angle of mirror housing 2 and 
the direction is opposite to that of mirror housing 2. In 
this way as shown in FIG.4, optical axes L1 and L2 de- 
fined at a neutral position N1 and a stored position N2 
respectively can keep approximate parallelism while the 
mirror housing 2 makes a pivotal movement from N1 to 
N2, so that shifting of image acquisition area can be re- 
strained except for that caused by the rotational error of 
camera 12. As a result, the camera 12 can keep an ap- 
proximately fixed image acquisition area not depending 
on a pivotal movement of mirror housing 2. 
[0048] As shown in FIGS. 2 and 3, a driving mecha- 
nism 20 comprises a first connecting element 21 provid- 
ed around the support shaft 7 of mirror base 6, a second 
connecting element 22 provided on a top of the rotation- 
al shaft 14 of camera 12 projecting from a frame 11 A 
formed on a top of the camera housing 11 , an interlock- 
ing element 23 for interlocking the first and second con- 
necting elements 21 and 22 and rods 24 and 25 serving 
as a first and second holding elements provided on both 
ends of the interlocking element 23, respectively. The 
interlocking element 23, which is, for example, made of 
Z-shaped sheet metal, is supported movably through a 
vis 26 by the support frame 5 to which the mirror housing 
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2 is secured. The first and second rods 24 and 25, which 
are welded to both ends of the interlocking element 23 
respectively, project therefrom. 

[0049] As shown in FIG.5, the first connecting ele- 
ment 21 comprises a retracting rib 21 A and a returning 5 
rib 21 B which are disposed apart from each other. Also 
the second connecting element 22 has the same type 
of ribs, a retracting rib 22A and a returning rib 22B. The 
first rod 24 lies between the retracting rib 21 A and re- 
turning rib 21 B around the first connecting element 21 . 10 
On the other hand, the second rod 25 lies between the 
retracting rib 22A and returning rib 22B around the sec- 
ond connecting element 22. 

[0050] When the mirror housing 2 is in the neutral po- 
sition N1 as shown in FIG.5, the first rod 24 stays away 15 
from the retracting rib 21 A. On the other hand as shown 
in FIG. 6, when the mirror housing 2 is in the stored po- 
sition N2, the first rod 24 stays away from the returning 
rib 21 B. 

[0051] For this reason, when the mirror housing 2 is 20 
in a retracting operation as shown in FIG.5, the first rod 
24 comes in contact with the retracting rib 21 A with a 
delay after the mirror housing 2 starts making a pivotal 
movement from the neutral position N1 to the stored po- 
sition N2. On the other hand as shown in FIG. 6 when 25 
the mirror housing 2 is in a transition from the stored to 
normal use position, the first rod 24 comes in contact 
with the returning rib 21 B with a delay after the mirror 
housing 2 starts making a pivotal movement from the 
stored position N2 to the neutral position N1 . The cam- 30 
era 1 2 thus rotates with some error relative to the pivotal 
movement of mirror housing 2. 

[0052] As shown in FIGS. 5 and 6, the height of re- 
tracting rib 21 A is arranged to be larger than that of the 
returning rib 21 B for the first connecting element 21 pro- 35 
vided around the support shaft 7 of mirror base 6. In this 
way, the first trod 24 can be released from the returning 
rib 21 B wh ile the mirror housing 2 makes a pivotal move- 
ment from the neutral position N1 shown in FIG.5 to the 
front position N3 shown in FIG. 7. It will thus protect the 40 
camera 12 against an excessive rotation by limiting the 
action of first rod 24. 

[0053] FIG.8 shows an image acquisition area cap- 
tured by the camera 12 at the neutral position N1 and 
the stored position N2 of door mirror 1 according to the 45 
present invention resulting from a pivotal movement of 
the mirror housing 2, compared with that of a conven- 
tional door mirror at a stored position. As shown in FIG. 
8, when the mirror housing 2 is in the neutral position 
N1 , an image can be captured covering the neutral po- 50 
sition N1 to the stored position N2 evenly as shown by 
solid line P in FIG.8. And the vicinity of the front wheel 
of passenger's seat side of vehicle W is displayed on a 
monitor (not shown) disposed on the driver's seat side 
inside the cabin. However, when the mirror housing 2 55 
makes a pivotal movement from the neutral position N1 
to the stored position N2, an image acquisition area by 
the camera 12 conventionally shifts greatly as shown by 
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two-dot chain line Q in FIG.8. 

[0054] As shown in FIG.1 , the optical axis L1 of lens 
13 is oriented to a somewhat diagonal outer front along- 
side the vehicle W when the mirror housing 2 is in the 
neutral position N1 . The location of optical axis L1 shifts 
from a point A1 to a point A2 according as the mirror 
housing 2 makes a pivotal movement from the neutral 
position N1 to the stored position N2. On a monitor (not 
shown) placed in the cabin, on the other hand, a point 
B1 located at the center of uppermost portion of the 
monitor displaying a captured image E for the vicinity of 
front wheel of vehicle W shown in FIG.9A, also shifts to 
a point B2 shown in FIG.9B when the mirror housing 2 
makes a pivotal movement to the stored position N2. 
The image acquisition area captured by camera 1 2 thus 
varies, so that the camera 12 fails to capture the image 
for the vicinity of the front wheel of vehicle W at the 
stored position N2 since the camera is adjusted for the 
neutral position N1. In addition, since a traveling direc- 
tion of the vehicle W also varies, it is likely to bring about 
confusion of a driver due to misapprehension. 
[0055] In the present invention, on the other hand, the 
camera 12 is mounted rotatably to the inside of mirror 
housing 2, and the pivotal axis 01 of mirror housing 2 
and the rotational axis 02 of camera 12 are configured 
to be parallel. In addition, the camera 12 is controlled to 
rotate reversely relative to the mirror housing 2 by the 
rotational angle which is approximately the same as the 
pivotal angle of mirror housing 2. The point A1 , which is 
representative of the location of optical axis L1 of cam- 
era 1 2 when the mirror housing 2 is in the neutral posi- 
tion N1 as shown in FIG.8, shifts to a point A3 for the 
stored position N2. On the monitor screen the point B1 
located at the center of uppermost portion of the monitor 
also shifts to a point B3 shown in FIG.9C for the stored 
position N2. 

[0056] As shown by the two-dot chain line in FIG.1 , 
even if the camera module 1 0 shifts from the neutral po- 
sition N1 to the stored position N2, the optical axis L1 
of neutral position N1 and the optical axis L2 of stored 
position N2 keep approximate parallelism therebetween 
so that shifting of the image acquisition area can be re- 
strained for a pivotal displacement of mirror housing 2 
from the neutral position N1 , as shown in FIGS.1 and 4. 
The image area captured by the camera 1 2 at the stored 
position N2 thereby approximately the same as that at 
the neutral position N1 when the mirror housing 2 is 
stored. Therefore, the image acquisition area captured 
by the camera 12 at the stored position N2 is only slightly 
different from that of normal use at the neutral position 
N1 (shown by the solid line P) as shown by the dotted 
line R, thus permitting acquisition of images for approx- 
imately the same area : the vicinity of the front wheel of 
vehicle W. 

[0057] The camera built-in exterior rearview mirror of 
the present invention includes the driving mechanism 
20, which serves as a camera angle adjuster for the 
camera 12 so that it can adjust an angle of the camera 
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1 2 depending on the movement of mirror housing 2 that 
is mounted pivotably to the vehicle W from the neutral 
position N1 to the rear stored position N2, as shown in 
FIGS. 4 and 6. In this way, the driving mechanism 20 
restrains shifting of the image acquisition area and pro- 
vides an approximately fixed one for the camera 12 
while the mirror housing 2 makes a pivotal movement. 
Therefore, retracting of the mirror housing 2 to the 
stored position does not affect the image acquisition ar- 
ea of camera. 

[0058] Incidentally, when a pivotal movement of the 
mirror housing 2 is made from the neutral position N1 to 
the forward position N3 t it is done by external force. As 
described before, since the interlocking element 23 is 
released from the driving mechanism 20 on the way of 
the mirror housing 2 making a pivotal movement for- 
ward, the camera 12 will not rotate. In the embodiment 
of the present invention with reference to the figures, 
description will be made paying attention to shifting of 
the image acquisition area of camera 12 while the mirror 
housing 2 makes a normal pivotal movement, for exam- 
ple a retracting operation by a pivotal movement from 
the neutral position N1 to the stored position N2. Ac- 
cordingly, a pivotal movement of the mirror housing 2 
from the neutral position N1 to the forward position N3 
will not be included in the scope of the current discussion 
about shifting of the image acquisition area. 
[0059] Since a camera control means is provided for 
the camera 12 for controlling a camera angle adjuster, 
rotational control of the camera 12 can be performed 
simultaneously with retracting operation of the mirror 
housing 2. This restrains shifting of the image acquisi- 
tion area and provides an approximately fixed one for a 
pivotal movement of the mirror housing 2. 
[0060] The camera 12 mounted in the camera hous- 
ing 1 1 of camera module 1 0 is arranged so that the lens 
1 3 is oriented downward and camera 1 2 capture images 
through the transparent cover 4 covering the observa- 
tion opening 3 of mirror housing 2. The camera 12 can 
thus reliably capture images of the vicinity of the front 
wheel of vehicle W, particularly the dead angle zone of 
passenger's seat side. Further, this arrangement not on- 
ly prevents the lens of camera 12 from being soiled but 
also improves appearance required for an exterior rear- 
view mirror. 

[0061] As shown in FIGS. 1 and 3, the rotational axis 
02 of rotational shaft 14 of camera 12 is positioned in 
parallel with the pivotal axis 01 of mirror housing 2, 
which is supported pivotably by the support shaft 7 of 
mirror base 6 through the support frame 5. The camera 
12 is thereby controlled so that the rotational angle is 
approximately the same as the pivotal angle of mirror 
housing 2 and the direction is opposite to the pivotal di- 
rection Y thereof. It helps adjust the image acquisition 
area for thecamera 12 between the neutral (normal use) 
position N1 and the stored position N2 of mirror housing 
2 easily. 

[0062] Since pivotal movement of the mirror housing 



2 is driven by a driving motor (not shown), this driving 
motor can simultaneously serve as a rotational driving 
mechanism for the camera 12. In this way another ded- 
icated rotational driving mechanism is not required for 
5 rotational control of the camera 12, thereby allowing 
both a reduction in the cost by saving of parts and easier 
wiring of a power supply unit. 

[0063] Further, since the camera module 10 compris- 
es the camera housing 1 1 and the camera 12 rotatably 
10 mounted therein, mounting of the camera module 1 0 in 
the mirror housing 2 and wiring for the camera 12 can 
be more easily done. 

[0064] FIG.1 0 shows a camera driving mechanism of 
a second embodiment for the door mirror according to 

15 the present invention. A driving mechanism 30 of the 
second embodiment employs a rod arm 31 in place of 
the interlocking element of the first embodiment de- 
scribed before. One end of the rod arm 31 serves as a 
first holding element 32 : and the other end, which 

20 branches off in two parts — a retracting arm 33A and a 
returning arm 33B, serving as a second holding element 
33. The rod arm 31 is supported through an axis 34 shift- 
ably and pivotably by a support frame 5 which supports 
a mirror housing 2. 

25 [0065] A first connection 35 made of a projection is 
provided on a periphery of a support shaft 7 on a mirror 
base 6. And a second connection 36 comprises a lever 
36A : one end of which is fixed rotatably to a top of a 
rotation shaft 1 4 of a camera 1 2, and a pin 36B provided 

30 on the other end of the lever 36A. The first holding ele- 
ment 32 of rod arm 31 is in contact with the first connec- 
tion 35. On the other hand, the pin 36B of second con- 
nection 36 lies between the retracting and returning 
arms 33A and 33B, serving as the second holding ele- 

35 ment 33. In this way the camera 12 is controlled so that 
the rotational angle thereof can be approximately the 
same as the pivotal angle of mirror housing 2 and the 
rotational direction is opposite to that of mirror housing 
2 while the mirror housing 2 makes a pivotal movement 

40 (e.g. Y direction of retracting shown by the solid line in 
FIG.1 0). 

[0066] While the mirror housing 2 is retracted to the 
stored position by a pivotal movement thereof toward 
backward of a vehicle, the first holding element 32 
45 comes into contact with a stopper 37, thereby rotating 
the camera 12. 

[0067] FIG.1 1 A is a figure showing a camera driving 
mechanism of a third embodiment for the door mirror 
according to the present invention. FIGS.11B and 11 C 
so are similar figures for a fourth and a fifth embodiments, 
respectively. 

[0068] As shown in FIG.1 1 A, a driving mechanism 40 
of the third embodiment comprises a link 41 and a rota- 
tional frame 42 which is an upper portion of a camera 
55 housing 11 and can rotate horizontally. One end of link 
41 is supported around a connecting shaft 7 through an 
axis on a mirror base 6 and the other end is supported 
around the rotational frame 42 through another axis. An 
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upper portion of a camera 1 2 is secured to the rotational 
frame 42 so that a rotational axis 02 of camera 12 is 
aligned with another rotational axis of rotational frame 
42. The camera 1 2 is in this way controlled so that the 
rotational angle thereof is approximately the same as 5 
the pivotal angle of mirror housing 2 and the rotational 
direction is opposite to that of mirror housing 2 while the 
mirror housing 2 makes a pivotal movement (e.g. Y di- 
rection of retracting shown by the solid line in FIG. 11 A). 
[0069] As shown in FIG.11B, a driving mechanism 50 
of the fourth embodiment comprises a first gear 51 ma- 
chined around a support shaft 7 on a mirror base 6. Also 
the driving mechanism 50 has a second gear 53 ma- 
chined around a rotational frame 52 of acamera housing 

1 1 supporting a camera 1 2 and a timing beft 54 connect- 
ing the first and second gears 51 and 53. The camera 

12 is in this way controlled so that the rotational angle 
thereof is approximately the same as the pivotal angle 
of mirror housing 2 and the rotational direction is oppo- 
site to that of mirror housing 2 while the mirror housing 
2 makes a pivotal movement (e.g. Y direction of retract- 
ing shown by the solid line in FIG. 11 B). 
[0070] As shown in FIG.11C, a driving mechanism 60 
of the fifth embodiment comprises a first gear 61 ma- 
chined around a support shaft 7 on a mirror base 6. Also 
the driving mechanism 60 has a second gear 63 ma- 
chined around a rotational frame 62 supporting a cam- 
era 12 and a gear 64 engaging with the first and second 
gears 61 and 63 therebetween. The camera 12 is in this 
way controlled so that the rotational angle thereof is ap- 
proximately the same as the pivotal angle of mirror 
housing 2 and the rotational direction is opposite to that 
of mirror housing 2 while the mirror housing 2 makes a 
pivotal movement (e.g. Y direction of retracting shown 
by the solid line in FIG.11C). 

[0071] As shown in FIG.3, the camera module 10 has 
an adjusting mechanism 70 which positions the camera 
12 rotationally, which is rotatably supported in the cam- 
era housing 11 , at the neutral position N1 , stored posi- 
tion N2 and forward position N3 discretely. 
[0072] The adjusting mechanism 70 is mounted in a 
frame 11 A connected to an upper portion of the camera 
housing 11 , as shown in FIG. 12. Inside the frame 11 A, 
a middleframe 71 and a case 72 installed thereon define 
a storing space S forthe adjusting mechanism 70. In the 
storing space S the rotational shaft 14 of camera 12 is 
inserted through an axial hole 71a made on the middle 
frame 71 and one end of the rotational shaft 14 pene- 
trates a top of the frame 1 1 A of camera housing 1 1 . The 
second connecting element 22, with which the second 
rod 25 serving as the second holding element comes 
into contact, is provided for the exposed portion of rota- 
tional shaft 1 4 and thereby the rotational shaft 1 4 rotates 
through the driving mechanism 20 following a pivotal 
movement of the mirror housing 2. 
[0073] As shown in FIG. 13, three pieces of projec- 
tions 73 are provided around the rotational shaft 14 at 
regular intervals circumferentially with an angle 6 (6 = 



1 20 deg.). A plate clutch 74, which has an axial hole 74a 
for inserting the rotational shaft 14, is mated therewith. 
There are three pieces of depressions 75 on the inner 
circumference of axial hole 74a at regular intervals with 
the angle 0 (G= 120 deg.), which are correlated with the 
projections 73, respectively. Each depression 75 can 
engage with each projection 73. In this way the plate 
clutch 74 rotates synchronized with the rotational shaft 
14. On the under surface of plate clutch 74 are formed 
grooves 76A, grooves 76B and grooves 76C, each of 
which has a cross section of V shape extending in a ra- 
dial direction. 

[0074] On the other hand three pieces of projections 
77 with a cross section of V shape are provided around 
the axial hole 71a of middle frame 71 axially at regular 
intervals with the angle 8 (6 = 120 deg.) . When the plate 
clutch 74 rotates synchronized with the rotational shaft 
14, the projections 77 engage with one of three types of 
groove 76A, 76B or 76C, thereby controlling the rota- 
tional shaft 14, namely the camera 12 so that it can be 
positioned at the neutral position N1 , stored position N2 
and forward position N3. 

[0075] As shown in FIG. 13, a groove 78 for insertion 
of a V plate 79 is formed around the rotational shaft 14 
so that the groove 78 is located above the plate clutch 
74 while it is mated with the rotational shaft 14. The V 
plate 79 is fixed by the groove 78 attachably thereto and 
detachably therefrom. The V plate 79 is for restraining 
a washer 80, which is mated with the rotational shaft 1 4, 
from displacing upward. A coil spring 81 is interposed 
between the washer 80 and the plate clutch 74. 
[0076] The urging force of coil spring 81 urges the 
plate clutch 74 toward the middle frame 71 of camera 
housing 11 so that the grooves 76A, 76B and 76C can 
be engaged elastically with the projections 77 at the 
neutral position N1 , stored position N2 and forward po- 
sition N3. The plate clutch 74 is thus allowed to rotate 
discretely synchronized with the rotation of rotational 
shaft 14 of camera 12, which is driven by a pivotal move- 
ment of the mirror housing 2. 

[0077] The grooves 76A which are carved on the un- 
der surface of plate clutch 74 are positioned radially at 
regular intervals with the angle 9 (6 = 1 20 deg.). Other 
grooves 76B and 76C are positioned in the same man- 
ner. The grooves 76A, 76B and 76C are also positioned: 
the angle 61 between the neutral position N1 and stored 
position N2 is 56 deg. 12 min. and the angle 62 between 
the neutral position N1 and forward position N3 is 17 
deg. The grooves 76Acan position the neutral position 
N1, the grooves 76B the stored position N2 and the 
grooves 76C the forward position N3, respectively. In 
this way the accuracy of positioning of camera 12 at the 
neutral, stored and forward positions N1 , N2 and N3 dur- 
ing a pivotal movement of the mirror housing 2 can be 
improved. 

[0078] On the way of a pivotal movement of the mirror 
housing 2 from the neutral position N1 to the forward 
position N3 as shown in FIG .7, the aforementioned ad- 
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justing mechanism 70 regulates the rotation of camera 
12 so that the hatched projections 77 shown in FIG. 14 
engage with the grooves 76C, for example, for position- 
ing of the forward position N3. If the mirror housing 2 
makes a further pivotal movement beyond the forward 
position N3 after the rod 24 of driving mechanism 20 is 
released from the retu rning rib 2 1 B, the adjusting mech- 
anism 70 prevents the further rotation of camera 12, 
thereby restraining shifting of an image acquisition area. 
It also allows a smooth rotational movement of the cam- 
era 1 2 when the mirror housing 2 makes a return pivotal 
movement from the forward position N3 back to the neu- 
tral position N1. 

[0079] In the embodiments described above, atten- 
tion has been directed to keeping a fixed direction of 
optical axis (image acquisition area) of the camera 12 
while the mirror housing 2 makes a pivotal movement. 
Specifically, the major object of the present invention is 
to restrain shifting of the image acquisition area cap- 
tured by camera 1 2 as much as possible when the mirror 
housing 2 is stored, even if an exactly fixed image ac- 
quisition area can not be maintained. 
[0080] The present invention, which has been de- 
scribed in the above embodiments referring to a door 
mirror as an example of the exterior rearview mirror, can 
be applied to a side mirror. 



Claims 

1 . A camera built-in exterior rearview mirror compris- 
ing: 

a mirror housing which is mounted on a vehicle 
through a mirror base forf ree pivotal movement 
from a neutral position to a rear stored position 
and a front position; 

a camera module disposed in said mirror hous- 
ing; 

a camera installed in said camera module; and 
a camera angle adjusting means for adjusting 
an angle of said camera, 

characterised by shifting of an image acqui- 
sition area of said camera is restrained so that said 
image acquisition area can be an approximately 
fixed area while said mirror housing makes a pivotal 
movement. 

2. A camera built-in exterior rearview mirror according 
to claim 1, wherein said camera angle adjusting 
means comprises a camera control means for con- 
trolling rotationally said camera which is installed 
rotatably in said camera module. 

3. A camera built-in exterior rearview mirror according 
to claim 1 or 2, wherein a lens of said camera in- 
stalled in said camera module is oriented down- 



ward. 

4. A camera built-in exterior rearview mirror according 
to claim 1 ,2 or 3, wherein said camera installed in 

5 said camera module captures images through a 
transparent element covering an observation open- 
ing made on said mirror housing. 

5. A camera built-in exterior rearview mirror according 
w to claim 4, wherein said transparent element is in- 
tegrally mounted to said camera module. 

6. A camera built-in exterior rearview mirror according . 
to any one of claims 1 to 5, wherein a rotational axis 

15 of said camera installed rotatably in said camera 
module and a pivotal axis of said mirror housing are 
approximately parallel. 

7. A camera built-in exterior rearview mirror according 
20 to claim 6, wherein a rotational angle of said camera 

is approximately the same as a pivotal angle of said 
mirror housing. 

8. A camera built-in exterior rearview mirror according 
25 to claim 7, wherein a pivotal movement of said mir- 
ror housing is controlled by a motor and said cam- 
era is also rotated by driving force of said motor. 

9. A camera built-in exterior rearview mirror according 
30 to any one of claims 1 to 8, wherein said camera 

module is installed in the mirror housing attachably 
thereto and detachably therefrom. 

10. A camera built-in exterior rearview mirror compris- 
es ing: 

a mirror housing which is mounted on a vehicle 
through a mirror base for free pivotal movement 
from a neutral position to a rear stored position 
40 and a front position; 

a camera module disposed in said mirror hous- 
ing; 

a camera installed in a camera housing of said 
camera module; and 
45 a lens of said camera which is oriented down- 

ward so that said camera can be positioned to 
face somewhat diagonally outer front alongside 
said vehicle to capture a wide image, charac- 
terised in that: 

50 

said camera is disposed rotatably about a 
rotational axis in said camera housing, 
which is approximately in parallel with a 
pivotal axis of said mirror housing, 
55 said rearview mirror comprises a driving 

mechanism which rotates said camera to 
follow a pivotal movement of said mirror 
housing, and 



9 



INSDOCID: <EP 1321334A2_I_> 



17 



EP 1 321 334 A2 



18 



shaft of mirror base; 

a second connection provided for said rotation- 
al shaft of camera; and 

an interlocking element having a first holding 
5 element and a second holding element at both 

ends thereof,' each of said first and second el- 
ements being in contact with each of said first 
and second connections, and said interlocking 
element supported shiftably and pivotably by a 
io support frame to which said mirror housing is 

secured, 

wherein said interlocking element can make 
a shifting and pivotal movement and rotate said ro- 
15 tational shaft of said camera interlocking with a piv- 



said driving mechanism maintains approx- 
imate parallelism of an optical axis of said 
camera so that shifting of an image acqui- 
sition area of said camera can be re- 
strained while said mirror housing makes a 
pivotal displacement from a neutral posi- 
tion. 

11. A camera built-in exterior rearview mirror according 
to claim 1 0, wherein said drive mechanism compris- 
es an interlocking element which interlocks with a 
pivotal displacement of said mirror housing relative 
to said mirror base and rotates said camera not only 
in an opposite direction to a pivotal direction of said 
mirror housing but also by a rotational angle which 
is approximately the same as a pivotal angle of said 
mirror housing. 



12. A camera built-in exterior rearview mirror compris- 
ing: 

a mirror base secured to a vehicle; 

a support shaft projecting from said mirror 

base; 

a support frame supported rotatably on said 
mirror base through said support shaft; 
a mirror housing which is pivotable from a neu- 
tral position to a front position and a rear stored 
position relative to said mirror base; 
a camera housing installed in said mirror hous- 
ing; and 

a camera installed in said camera housing, 
which is secured to said mirror housing so that 
a lens of said camera can be oriented down- 
ward to face an observation opening provided 
on a bottom surface of said mirror housing, 

characterised in that: 

said camera is supported rotatably about an ro- 
tational axis, which is approximately in parallel 
with a pivotal axis, through a rotational shaft in 
said camera housing, and said lens is oriented 
so that an optical axis thereof can be pointed 
to a somewhat diagonal outer front alongside 
said vehicle and said camera can capture a 
wide image, and 

said rearview mirror comprises a driving mech- 
anism which can rotate said camera by a rota- 
tional angle which is approximately the same 
as a pivotal angle of said mirror housing in an 
opposite direction to a pivotal direction of said 
mirror housing. 

13. A camera built-in exterior rearview mirror according 
to claim 12 further comprising: 

a first connection provided around said support 



otal movement of said mirror housing about said 
support shaft which supports said support frame. 

14. A camera built-in exterior rearview mirror according 
20 to claim 13, wherein at least said first connection 

comprises a storing rib and a returning rib having a 
gap therebetween, a rod of said first holding ele- 
ment is disposed between said ribs, when said mir- 
ror housing is in said neutral position, said rod is 
25 placed apart from said storing rib, or when said mir- 
ror housing is in said stored position, said rod is 
placed apart from said returning rib. 

15. A camera built-in exterior rearview mirror according 
30 to claim 14, wherein said rod is released from said 

returning rib while said mirror housing makes a piv- 
otal movement from said neutral position to said for- 
ward position. 

16. A camera built-in exterior rearview mirror according 
to anyone of claims 12 to 15, wherein said mirror 
further comprises an adjusting mechanism for re- 
stricting a rotational area for said camera contained 
in said camera housing, said adjusting mechanism 
positions said camera discretely for said neutral po- 
sition, said stored position and said forward posi- 
tion. 
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(54) Exterior rearview mirror with built-in camera 

(57) A camera built-in exterior rearview mirror (1 ) is 
presented, which has a mirror housing (2) mounted on 
a vehicle through a mirror base (6) for free pivotal move- 
ment from a neutral position to a rear stored position 
and a front position, a camera module (1 0) disposed in 
the mirror housing (2), a camera (12) installed in the 
camera module (10) and a camera angle adjusting 
mechanism (20) for adjusting an angle of the camera 
(12), the camera (12) being controlled for restraining 
shifting of an image acquisition area so that it can be an 
approximately fixed area while the mirror housing (2) 
makes a pivotal movement. 
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